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COMMUNICATION DEVICE 



The present application is based on Japanese Patent 
Application No. 2002-211766, which is incorporated herein by 
5 reference. 

BACKGROUND OF THE INVENTION 

1- Field of the Invention 

The present invention relates to a light-emitting element 
10 using Group III nitride compound semiconductors for optical . 

communication. For example, the invention can be applied to 

an optical transmitter of a communication system using a plastic 

optical fiber {POF) * 

2, Description of the Related Art 
15 A system using a light-emitting diode (hereinafter simply 

referred to as ^LED") as a light source for a short-distance 

LAN using a plastic optical fiber (POF) has been known recently . 

In the system, a red LED using a GaAs compound semiconductor 

is used as a light-emitting element for optical communication. 
20 Short-distance communication using an LED has been examined 

and developed eagerly. The high cutoff frequency of the red. 

LED is 30 MHz . 

The transmission loss of the POF is low in a short 

wavelength range, for example, in an emission wavelength range 
25 of from 450 nm to 550 nm. Accordingly, for optical communication 
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using the FOF, use of a light-emitting element such as an LED 
emitting light in an emission wavelength range of from 450 nm 
to 550 nm is preferred to use of the red LED. It is therefore 
conceived that a light-emitting element using a Group III nitride 
5 compound semiconductor is used as a light source for optical 
communication. 

When an existing Group III nitride compound semiconductor 
light-emitting element is used, there is however a problem that 
the response rate is low- Firstly, there is a problem that 

10 light-emitting characteristic deteriorates as current densdty 
increases/ that is, luminance is saturated relative to current „ 
Further, for example, a p-layer or a p-electrode on the p-type 
layer needs to be small-sized in order to reduce a capacitance 
component formed by a light-emitting layer to improve the 

15 response rate. It is however difficult to perform bonding if 
the size of the p-layer or p-electrode is too small, 

SUMMARY OF THE INVENTION 
The invention is accomplished to solve the problem and 
20 an obj ect of the invention is to reduce the capacitance component 
formed by the light-emitting layer to -thereby improve the 
response rate of luminance relative to current* 

To solve the problem, the invention provides a Group III 
nitride compound semiconductor light-emitting element adapted 
25 to be mounted on a wiring board in the form of a flip chip, 
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the Group III nitride compound semiconductor light-emitting 

element comprising; a light-emitting layer; a contact layer 

made of a Group III nitride compound semiconductor and formed 

above the light-emitting layer; an ohmic electrode, formed on 
5 the contact layer; a seat electrode formed on the contact layer 

so that the ohmic electrode is covered with the seat electrode; 

and a ball electrode for electrically connecting the. seat 

electrode and a circuit wiring of the wiring board to each other; 

wherein an area of contact between the seat electrode and the 
10 .ball electrode'is larger than an area of contact between the 

contact layer, and the ohmic electrode,* 

In addition, a communication device can be formed by a 

combination of an optical fiber, a wiring board, and the above . 

Group I IX nitride compound semiconductor* light-emitting 
15 element mounted on the wiring board in the form of a flip chip 

and coupled to the optical fiber. 

Preferably, the wavelength of light emitted from the Group 

III nitride compound semiconductor light-emitting element is 

in a range of from 450 nm to 550 nm. Preferably; the area of 
2 0 contact between the contact layer and the ohmic electrode is 

not larger than 0,025 mm 2 * Preferably, the optical fiber is 

a plastic optical fiber - 

In a Group III nitride compound semiconductor 

light-emitting element, the area of contact between an ohmic 
25 electrode formed on a contact layer and the contact layer serves 
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as an effective light-emitting area of a light-emitting layer. 
Therefore, while the area of contact between the ohmic electrode 
and the contact layer is kept small, a seat electrode .is- 
interposed so -that the seat electrode is connected to a circuit 
5 wiring on. a wiring board by a ball electrode. As a result, 
the size of the ball electrode need not be so small. The size 
necessary for forming the ball electrode can be secured easily 
and the light-emitting area of the light-emitting layer in the 
Group III nitride compound semiconductor light-emitting 

10.. element can be reduced sufficiently. Accordingly, a 

capacitance component formed by clamping, the light-emitting 
portion of the light-emitting layer can be reduced, so that 
a time constant at a leading edge of luminance and a time constant 
at a trailing edge of luminance can be reduced sufficiently 

IS . to.. obtain a high speed. Furthermore, variation in : elements 
at the time of production can be suppressed. In addition, 
because the ball electrode has a heat-radiating effect, the 
ball electrode* can be large-sized from the point of view of 
heat radiation-. 

20 When the light-emitting element is combined with a POF, 

it can be used for a long-distance purpose . It- is therefore 
preferable that the light- emitting element emits light in an 
emission wavelength range of from 450 nm to 550 run. In addition, 
because the light-emitting element is mounted on a wiring board 

25 in the form of a flip chip, that is, because the contact layer 
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above the light-emitting layer is provided as the ground side, 
better heat radiation can be obtained. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 Fig. 1 is a sectional view showing important part of a 

communication device 1000 according to a* specific embodiment 
of the invention. - The invention can be applied .to. a- 
light-emitting element having any electrode arrangement as 
shown in Fig.' l and as described as follows* Incidentally, 
10 the invention is not limited to Fig* 1 and the following 
embodiment » 

..In Fig- 1, the communication device 10 00 is formed as 
follows- A Group III nitride compound semiconductor LED 
(hereinafter simply referred to as "GaN LED") lOQ is mounted 

15 . .on a. .wiring board 200 through ball electrodes* 9n and 9p and 
aligned to a POP 300. In Fig. 1, the POF 300 includes a core 
portion 301,. and a clad portion 302. In Fig* 1, circuit wirings 
•20n and 20p electrically connected to the ball electrodes 9n 
and 9p of the GaN LED 100 respectively are formed on the wiring 

20 board 200 ■ ■ 

In the GaN LED 100, an n-type GaN layer 2, alight-emitting 
layer 3 having a multiple quantum well structure made of 
InGaN/GaN and a p-type GaN layer (contact layer) 4 are formed 
on a sapphire substrate 1. An n-electrode 5 having an ohmic 

25 contact is provided on an exposed portion of the n-type GaN 
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layer 2. A p-electrode {ohmic electrode) 6 having an ohmic 
contact is provided on the p-type GaN layer (contact layer) 
4. On this occasion, the area of a contact portion S between 
the p-electrode (ohmic electrode) 6 and the p-type GaN layer 
5 (contact layer.) 4 is selected to be not larger. than 0.025 mm 2 . 
Although a buffer layer is omitted in the GaN LED. 100 shown 
in Fig. 1, a buffer layer may be provided between the sapphire 
substrate 1 and the n-type GaN layer 2 . Although the n-type 
GaN layer 2> .the light-emitting layer 3 having a multiple quantum- 
10 well structure made of InGaN/GaN and the. p-type GaN layer 
(contact layer) 4 are provided as a three-layer structure, one 
layer or a plurality of layers may be provided between the 
sapphixe substrate 1 and the n-type GaN layer 2 on which the 
n-elect rode 5 is provided, between the -retype .GaN layer 2 on 
. 15:: v whi.ch.the n-electrode 5 is provided and: the light-emitt ing layer 
3 having a multiple quantum well structure made of InGaN/GaN 
- or between the light- emit ting layer 3 having a multiple, quantum 
well structure made of InGaN/GaN and the p-type GaN layer 
(contact layer) 4 on which the p-electrode (ohmic electrode) 
20 6 is provided, as occasion demands. 

Then, an n-side seat electrode 7n is formed so that the 
n-electrode 5 is covered with the n-side seat electrode 7n* 
A p-side seat electrode 7p is formed on the p-type GaN layer 
(contact layer) 4 so that the p-electrode (ohmic electrode) 
25 6 is covered with the p-side seat electrode 7p. The p-side 
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seat electrode 7p is formed so that ohiuic characteristic is 
not generated between the p-side seat electrode 7p and the p-type 
GaN layer (contact layer) 4. For example/ this can.be achieved 
when the p-electrode (ohmic electrode) 6 and the p-side seat 
5 electrode 7p are made of different metals respectively. Then, 
a protective film 8 is formed so that the ball electrodes do 
not come into contact with each other when the LED 100 is.mounted 
on the wiring board 200, The protective film 8 is provided 
so that a. space between the n-side seat electrode 7n and a side 

10. surface of the light-emitting layer 3 and the p-type GaN layer 
(contact layer) 4 facing the n-side seat electrode 7n is covered 
with the protective film 8 while the n-side seat electrode 7n 
and- the p-side seat electrode 7p are partially, covered with 
the : protective film 8 beyond the facing, po-rtion;* On this 

15< -occasion, an exposed portion of the p-side seat electrode 7p- 
is formed above the p-electrode (ohmic electrode) 6 so that 
- the* area of the exposed portion is larger, than the area S of 
contact between the p-electrode (ohmic electrode)- r 6 and the 
•p-type GaN layer (contact, layer) 4. Because contact is 

20 prevented by the protective film 8 in this manner, the ball 
electrodes 9n and 9p are provided on the exposed portions of 
the n-side seat electrode 7n and the p-side seat electrode 7p 
respectively. Gold or solder having fluidity at the time of 
mounting can be used as the material of the ball electrodes 

25 9n and 9p. When the ball electrodes 9n and 9p are connected 
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to the circuit wirings 20n and 2 Op respectively , mounting of 
the GaN LED 100 is completed. 

In this manner, the contact portion S between the 
p-electrode (ohmic electrode) 6 and the p-type GaN layer (contact 
5 layer) 4 is provided so as to be contained in the contact portion 
between, the ball electrode 9p and the p-side seat electrode 
. 7p. when viewed from the light-radiating direction L. 
Accordingly , the light-emitting area (substantially equal to 
. the" ..area -of the .contact portion S) can be made smaller than 

10 . the area of contact between the ball electrode 9p and the p-.side 
seat electrode .7p.. Accordingly, when,, for example, a current 
of lO mAis supplied to the area of the contact portion S of 
not/larger than 0.025 mm 2 , current density of not lower than. 
400 iciA/mm 2 can.be obtained. When the circuit wiring 20p being 

15 in. -contact with the ball electrode 9p is provided as the ground 
side, that is, when the LED 100 is mounted on the wiring board 
.2.00 in the: form of a flip chip, a better heat-radiating effect 
can be provided; 

Incidentally, the semiconductor material of the 

20 semiconductor light-emitting element is not limited to the 
embodiment. When the semiconductor light-emitting element is 
made of Group III nitride semiconductors, respectively formed 
semiconductor layers can be made of Group III nitride compound 
semiconductors, etc., including binary, ternary or quaternary 

25 semiconductors at least represented by the general formula 
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Al x Ga y Ini-x-yN (0£x£l, 0£y£l, 0<x+y<l) - The Group III elements 
may be partially replaced by boron (B) and thallium (Tl) - The 
nitrogen (N) maybe partially replacedby phosphorus (P) , arsenic 
(As), antimony (Sb) , and bismuth (Bi) . .. 
5 .\ When these- semiconductors are used for forming n-.type 

Group III nitride compound semiconductor layers, Si, Ge, Se, 
■ Te, C/ etc. may be added as n-type impurities. When these 
semiconductors are used for forming p-type Group III nitride 
compound semiconductor layers, Zn, Mg, Be, Ca, Sr> Ba, etc* 
10 may.be added as p-type impurities. 

■Examples, of the material of the substrate for. growing 
these semiconductor layers as crystals include sapphire, spinel,- 
Si , SiC, ZnO, MgO, and Group III nitride compound single crystal . 
... As methods for growing these semiconductor layers, as . 
15 crystals; .there are effective a molecular beam .epitaxy method 
.(MBB) , .ametal-organic chemical vapor deposition method. (MOCVD) , 
.a halide vapor phase epitaxy method (HVPE) a liquid phase 
epitaxy method, etc. 

This invention is not at all limited to the description 
20 .of the mode for carrying out the invention. This invention 
includes various modifications that can be conceived easily 
by those skilled in the art, without departing from the scope 
of claim* 

25 
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